This paper proposes an empirical analysis to establish the determinants of Artist Price Heterogeneity (APH), using a unique dataset, which comprises all artwork sales occurred in Italy between 2006 and 2010. APH is measured by Gini indices calculated on artist price distributions. A Beta Regression Model (BRM) is estimated to account for the characteristic of the dependent variable, which can only assume values in the standard unit interval. Our analysis shows that APH is influenced by number of trades, average price, artist specialization, descent, fame, production, market structure and nationality, and artistic period.
Introduction
Over the period 1997-2012, Pablo Picasso was traded 35,743 times in the major international art auctions, with a price range of about 76,000,000 Euros. Over the period 1992-2012, Damien Hirst was traded 2,753 times, with a price range of about 17,000,000 Euros. These examples illustrate the high degree of APH that may characterize artist price distributions.
There are several possible explanations for heterogeneity. If artists are similar to monopolistic firms, APH may be driven by demand or supply factors. Demand factors comprise heterogeneity in buyers' willingness to pay, preferences, and income. Supply factors include product diversification, quality differentiation, and price discrimination strategies as well as artist technology (e.g., talent, education, and techniques). All these factors are not easily observable or measurable.
Given the demand factors (and other contextual factors), APH is higher for artists who adopt (or may adopt) product diversification, quality differentiation and price discrimination strategies. Thus, a high degree of heterogeneity is generally observed for artists with high market power. Picasso, the artist with the highest degree of APH, has, in fact, adopted diversification strategies by producing several art forms (e.g., paintings, drawings, and prints), differentiation strategies by producing artworks of different quality and variety, and price discrimination strategies by producing multiple artworks with different prices. To exploit his market power, Damien Hirst has opened a shop for his artworks.
Analyzing APH is interesting for both artists and dealers (auction houses and galleries). Artists operate on the primary market and control supply factors. Dealers operate mainly on the secondary market, and form their artist portfolios trying to exploit APH to maximize their profit, but do not have direct control over supply factors. However, several observable characteristics, that influence APH, may be used as proxies for these unobservable factors and may guide dealers in forming their portfolios.
1 In this paper, we identify some of these observable characteristics.
Using a unique hand collected dataset, which comprises all artwork sales occurred in Italy between 2006 and 2010, we calculate an APH index for all artists in our dataset. Then, using observable characteristics as proxies for unobservable supply factors and a novel econometric approach (BRM), we identify the main determinants of APH.
Data
We base our empirical analysis on a unique dataset we collected from the Artist Re-sale Rights (ARR) archives of the Italian public performance-rights organization (SIAE). Our sample consists of 22,921 sales involving professional intermediaries that occurred in Italy between 2006 and 2010. For each artist, we computed a measure of APH and collected a number of variables from several sources. The total number of artists is 1180.
Our dataset is characterized by some important features. We consider only artworks with a minimum sale price of 3,000 Euros, as the ARR applies only this price class.
2 All artworks considered are produced by artists who died less than 70 years ago, which is the range of application of the ARR. All recorded sales are mediated by professional dealers (reducing the possibility of fakes).
3 This point deserves some considerations. Since we do not observe the first offer price of artist artworks, we cannot measure the actual artist price distribution heterogeneity. All that we can observe are secondary market prices. However, since dealers try to exploit artist market power to maximize their profits, we assume that secondary market price distribution conforms to primary market price distribution.
After having presented the main features of our dataset and the potential limitations of our empirical analysis, we describe the variables at our disposal. Descriptive statistics are provided in Table 1 and Figure 1 . -1900 1900-1925 1925-1950 1950-1975 1975- APH is the dependent variable in our regression analysis. For each artist, we compute the Gini index of her price distribution. The Gini index is a concentration coefficient that ranges from 0 to 1: when the price distribution is heterogeneous, the Gini coefficient is equal to 1; when the price distribution is homogenous, the Gini coefficient is equal to zero. It is evident from Figure 1 and Table 1 that APH is asymmetrically distributed among artists: the vast majority of artists exhibit a relatively low level of this variable, whereas artists with a high Gini index are not frequent. Thus, few and famous artists (e.g., Pablo Picasso and Damien Hirst) are located on the right tail and exhibit a high degree of heterogeneity.
NT is the number of trades for a given artist. Assuming that a different artwork is exchanged in each transaction -a reasonable hypothesis given that the probability of re-sale of the same artwork over a period of 5 years is low -this variable may be considered as a proxy for the artist production variety (for more details on re-sale frequencies see Ginsburgh et al., 2006) .
AP is the logarithmic average price of trades per artist. This variable may be considered as a proxy of artwork quality.
MF is a dummy variable equal to 1 if the artist does not specialize in only one form of art (such as painting or sculpture), but on different art forms.
AD is a dummy variable equal to 1 if the artist is of artist descendant and 0 otherwise. It is questionable if this variable may be considered as a proxy for inherited artist talent or it simply influences APH as an effect of parents' fame.
T is a dummy variable equal to 1 if the artist is a member of SIAE. It is important to note that only artists traced by SIAE receive the re-sale royalties. For this reason, traced can be considered as a proxy for the fame of an artist. In fact, the most famous artists are generally the most traded on the market.
4
E is the difference between year 2010 and the artist year of birth. Therefore, this variable is related to the number of years from which an artist is on the market. A longer existence is often associated with a larger artistic production.
G is the number of trades intermediated by art galleries over the total number of trades. This variable is important since art galleries and auction houses have a different selection procedure of artists and artworks as well as different degree of price flexibility.
W is a dummy variable equal to 1 if the artist is not Italian. It is worth noting that not all artworks traded are from Italian artists even if our dataset only refers to trades that took place in Italy.
P is a set of six dummies indicating the artistic period of the artist. To assign an artist to an artistic period, we consider the historical period in which the artistic movement to which she belongs has developed. Our dataset includes only modern and contemporary artists.
Methods
Let i y denote APH for artist i and i x a 1 × k vector that includes all the explanatory variables described in section 2. Two critical aspects must be considered when modeling a concentration index: (1) the choice of an adequate functional form for the model and (2) the assumption on the distribution of the response variable.
APH is a variable that can only assume values in the standard unit interval. We are interested in explaining the expected value of i y given i x ,
However, the characteristics of our response variable force us to depart from OLS. Since we must be sure that . Thus, this regression model is naturally heteroscedastic (the variance of the response variable varies with its mean) and easily accommodates asymmetries (given the flexibility of the beta distribution).
Given a random sample n y y , , 1 K , the BRM is thus defined as Cribari-Neto and Zeileis, 2010; Ferrari and Cribari-Neto, 2004) . Parameter estimation in the BRM is obtained through the maximum likelihood method.
Results
Looking at the results in Table 2 , we see that all variables are significant in explaining APH. This result is confirmed by a LR test that strongly rejects the hypothesis that all coefficients in the model except the intercept are equal to zero ( ( ) NT and AP have a positive coefficient, indicating that greater artistic production variety and artwork quality are associated with higher APH.
MF has a positive coefficient, showing that the higher is the degree of diversification in an artist production, the greater is her APH.
The coefficient of AD is positive. This coefficient suggests that artists of artist descendant exhibit higher APH. This may be a consequence either of inherited artistic talent or parents' fame.
Since T is related to an artist degree of fame, it positively affects the artist market power and, thus, her APH.
E has a positive coefficient, evidencing that longer existence, and thus larger artistic production, is associated with greater APH.
Since galleries follow fixed price strategies, we find a negative sign for the coefficient associated with G.
The coefficient of W is negative. This negative coefficient can be explained by a form of home bias similar to that observed on financial markets: the power of Italian artists on the Italian market is greater than the power of foreign artists. This greater power positively affects APH. It is worth noting that if only the more expensive artworks from non-Italian artists get into Italy, the price heterogeneity measure of non-Italian artists may be biased. Caution is needed in interpreting this result.
A concern with our analysis is that the effect of NT and AP on APH may be nonlinear. To test the non-linearity hypothesis, we consider a semiparametric extension of our BRM, in which the response variable is an unknown function of NT and AP. We use regression splines to estimate this function from the data (Hastie et al., 2009) . Two Wald-test statistics (one for the number of trades and one for the average price) reject the null hypothesis of linear effects of these variables ( ( ) 
Conclusions
This paper proposes an empirical analysis to establish the determinants of APH. Using a unique dataset and a novel econometric approach, we show that APH is explained by several observable characteristics. This analysis is valuable for both artists and dealers. Artists and dealers exploit APH to maximize their profit. While artists have direct control on unobservable supply factors, dealers can only observe characteristics that influence APH. These characteristics may be used as proxies for these unobservable factors and may guide dealers in forming their portfolios. In this paper, we identify some of these observable characteristics. Our analysis shows that APH is positively influenced by NT, AP, MF, AD, T, and E, and negatively affected by G and W. Furthermore, we observe a significant artistic period effect on APH.
